Introduction
Among the poor in Asia a very high proportion are subsistence farmers living on low-value traditional crops. Traditionally, development in the agricultural sector put emphasis on increasing productivity using external inputs with insufficient attention other aspects, in particular to market linkages. This strategy has resulted in mixed poverty outcomes. In countries such as Lao PDR and Cambodia where poverty is a pervasive problem governments and donors are in search of an alternative strategy to develop the rural sector.
With globalization, market liberalization, and the development of rural infrastructure, new market opportunities for high-value crops and livestock production are opening up. However, for the rural poor to take advantage of new market opportunities, backward and forward market linkages must be put in place. These linkages include provision of information on what to grow, rural credit, farming inputs, agricultural extension advice, and help in product accreditation. Putting in place the necessary agri-services for a massive number of small farms and un-organized farmers will require considerable resources from governments. Successes in the provision of public sector agri-services are rare and failures have been numerous. In recent years, a strategy involving private sector has been looked upon as an alternative.
In the provinces of Cambodia and Lao PDR, bordering Thailand and the People's Republic of China, contract farming has emerged in response to lack of markets in an environment of high risk and high costs. Under contract farming, the purchaser (agri-business firm or trader) provides farmers with inputs, credit, technical advice and market services. In return, farmers produce a certain quantity and quality of crop or livestock, and sell them exclusively to the purchaser. Such arrangements allow farmers to have access to an array of agricultural services, which they would otherwise not have access to.
The emergence of contract farming as an institution for facilitating market exchange is not a recent phenomenon. For decades, contract farming has been used as a supply chain governance strategy in response to market and institutional failures that characterize the agricultural sector in different stages of development. While contract farming itself has been around for a long time, its importance as a tool for transforming subsistence to commercial farmers and thus contributing to poverty reduction has only been reviewed in recent years.
Internationally, in response to changes in consumer preference within developed countries, multinational food corporations are engaging in contract farming in developing countries, mainly to ensure year-round supply of particular product ranges to specific markets and to take advantage of lower production costs It appears that through globalization, this type of contract farming could possibly transfer a production base to developing countries such as Lao PDR and Cambodia where conditions are conducive for growing non-traditional export crops, and where labor and land costs are lower. If managed well, this trend offers promising opportunities for the rural poor in these countries to gain from globalization. Contract farming would provide the rural poor in these areas with access to a vastly growing export market and hence opportunities to improve their income.
In the neighboring country of Thailand where the stage of agriculture development is more advanced and where contract farming has been widely adopted, there may be important lessons to be learnt for Lao, PDR and Cambodia. Due to the growing demand of organic rice in developed countries, in 2003, the Ministry of Agriculture and Agriculture Cooperatives of Thailand commissioned a study to investigate the potential of developing organic rice in Thailand for export. The study included a farm household survey covering 445 contract and non-contract rice farming in five provinces in the North and Northeastern regions of Thailand. The farms covered in the dataset share many characteristics with the rural sector in Lao PDR and Cambodia, where the vast majority are smallholder farms in marginal areas, with excess labor and little or almost no access to agricultural extension services. This data is examined here using econometric analysis to evaluate the profitability and profit efficiency of rice contract farming, as compared with rice non-contract farming, in Thailand.
We first examine the benefits of contract farming, particularly when it is promoted for organic agriculture. We then briefly discuss our methodology in measuring efficiency and also review relevant profit frontier studies on farming in developing countries. We next describe the survey data used in this study, before presenting our results from the profitability and efficiency analysis. A concluding section summarizes our main findings.
Potential benefits of contract farming and organic agriculture
The existing literature on contract farming identifies several major areas where contract farming can provide benefits. From the point of view of farmers, contract farming can provide access to markets, credit, technology and inputs that they would otherwise be excluded from. Moreover, contract farming can lead to improvements in income while reducing some of the risks they face from production and price fluctuations. From the point of view of purchasers, contract farming provides greater control over volume and quality consistency; to a certain extent, it can also lower certain transaction and production costs that purchasers face. Table 1 summarizes the main potential benefits. Potential benefits Farmers Access to markets Contract farming arrangements serve to link farmers to distant markets where the demand and price of crops are more favorable.
Access to credit
Purchasers extend credit to farmers either in cash or in kind by providing inputs such as seeds. In cases where purchasers do not extend loans to farmers, banks may accept the contracts as collateral. Access to technology/ skills development Contract farming arrangements may facilitate the introduction of new production techniques, and further measures that upgrade agricultural commodities. These include training and assistance in crop production, soil and water management, and bookkeeping of inputs and outputs.
Access to inputs
Purchasers may undertake measures to ensure that contracted producers have timely access to inputs including seeds and fertilizers, in addition to training support and monitoring proper crop husbandry practices.
Increased income
Contract farming can lead to improved income, especially in cases where contract farming is adopted for non-traditional crops that are sold at a premium.
Reduced price risk
In contract farming a predetermined price for the crop is generally established during contract negotiations at the onset of the growing season. This may protect farmers from incurring losses in sales due to downward price fluctuations.
Reduced production risk
Contract farming arrangements facilitate risk sharing from production failures due to uncontrollable circumstances including weather or disease. Purchasers may absorb losses associated with reduced or non-existent throughput for the processing facility. Where production problems are widespread as a result of uncontrollable events, purchasers may defer the repayment of production advances until the following season.
Purchasers Control over volume and consistency
Contract farming assures suppliers that the required crops can be produced consistently. Contract farming may result in increased yields and improved quality with regard to certain types of crops. Improved cost efficiency Contract farming allows firms to minimize costs by not purchasing land or directly hiring labor. Contract farming can help firms minimize supervision costs, usually incurred due to classic principal-agent problems.
Contract farming likewise affords potential benefits to governments. While the development of market linkages for farmers is traditionally viewed as a public sector responsibility, the establishment of the necessary agro-services for a large number of small, unorganized farmers requires a considerable amount of public sector resources. On the other hand, contract farming provides market linkages in ways, which do not burden the public sector.
Contract farming and organic agriculture
In recent years, consumer concerns surrounding food safety have led to an increase in demand for organic products. The global market for organic products has been growing steadily not only in Europe and North America but in Asian countries such as Japan and it is estimated that it will continue to be the fastest growing sector in agriculture. Not surprisingly, organic food production has increased all over the globe, with much of the increase occurring in developing countries where farmers are being attracted by export benefits and substantial price premiums.
This increase in demand has come with a greater insistence on verifiable evidence of food product quality. This in turn has led to more stringent certification requirements and an influx of food traceability systems. Since chemical residues on food are not generally visible and conducting bio-chemical tests are costly and impractical, in order to guarantee the quality of products while minimizing transaction costs, certification systems and traceability systems have developed to provide information on products for consumers, notably in developed countries.
For export agents in developing countries, the ability to fulfill the traceability or certification requirements will determine their success in the export market for agricultural products, in particular, high value products such as organic products. Since such products have to meet strict quality requirements that are typically difficult to meet in spot markets, firms are utilizing contract farming to gain better control of inputs, achieve more uniform product attributes, and to reduce the cost of measuring quality, grading, and sorting of products.
Due to higher management costs of a food traceability system and the requirement for organic farming to be grown in areas free from chemicals, export firms are likely to engage farmers in marginal areas, where the cost of labor is lower and where use of agrochemicals is minimal. For farmers, contract farming provides access to information and markets. For purchasers, contract farming provides control over inputs throughout all stages of production and processing, making it easier to implement traceability systems. For the government, contract farming facilitates the production of high value agro-products that are consistent with international standards for food safety and traceability.
Beyond issues of establishing the requisite certification standards and traceability systems to promote exports, there are broader benefits from promoting contract farming for organic agriculture for poverty reduction. Over the years, it has become increasingly clear to farmers, non-governmental organizations (NGOs), governments and international development agencies alike that the conventional practice of farming under the banner of the 'Green Revolution' has by-passed the poor in marginal areas while benefited the richer farmers in fertile areas. There is also increasing evidence that high-external-input agriculture is unsustainable. The unsustainable nature of conventional agriculture is manifesting itself in terms of stagnant or declining yields, increasing ecological degradation, and worsening rural socio-economic conditions. Increasingly, countries have started to look at organic agriculture as a means of reversing these negative effects.
The foregoing discussion illustrates the potential for contract farming to provide benefits that meet multiple policy objectives. But while the benefits of implementing contract farming may be diverse, and while different stakeholders stand to gain from these benefits, persuading farmers to take part in such an arrangement is still largely a matter of financial incentives. In contract farming, one of the principal motives for smallholders consent is the promise of a steady and increased income incurred from the sale of their crops. To establish the benefits of contract farming providing empirical evidence is crucial. We address this below using data from small farms in Thailand.
Methodology
The chapter employs the profit frontier methodology to assess the profitability and profit efficiency of the sampled Thai rice farmers. Profit efficiency is defined here as the ratio of the observed profit to the potential maximum attainable profit. While profit provides a direct measure of relative competitiveness of one type of farm (that is a contract farm) in relation to others (that is a non-contract farm), the concept of profit efficiency can also be useful as an indicator of relative competitiveness. We also attempt to account for selection bias using a two-stage switching regression model. The estimated models are used for subsequent 'counterfactual' simulations of profit and profit efficiency.
The analysis aims to test the following hypotheses:
1. Contract rice farmers are more profitable than non-contract rice farmers for comparable scales of operation; and 2. Contract rice farmers are more (profit) efficient than non-contract rice farmers for comparable scales of operation. 3. Contract farming is biased against small farmers.
Since all contract rice farmers in the sample are certified organic or in transition to becoming organic farmers and all the non-contract farmers are conventional rice farmers, the analysis also throws some light on the debate concerning organic versus conventional agriculture. However the evidence on this must be interpreted with care and it is difficult to draw firm conclusions. This is partly because we cannot separate the effects of an institutional arrangement (a contract) from a technology (organic farming practices) as the contract farming group is influenced by both. Further not all contract farmers are certified organic farmers who have completed the required three year transition period, although we can distinguish between the pure (or certified) organic farmers from those who are either in transition or just starting out to adopt organic practices.
Efficiency and profit frontiers
Efficiency and inefficiency can generally be measured by its components -technical, cost, revenue and profit. Technical efficiency refers to a farm's ability to produce the maximum outputs for a given set of inputs and technology. Or conversely, it can be measured as the farm's ability to utilize the minimum amount of inputs to produce a desirable set of outputs for a given technology. Cost efficiency refers to the ability of the farm to minimize the expenditures required to produce a desirable set of outputs, given their respective input prices and production technology. Misallocation of inputs contributes to cost inefficiency and is sometimes refers to as input allocative inefficiency. Revenue efficiency refers to the farmer's ability in allocating their outputs in a revenue-maximizing manner for a given set of output prices. Finally, profit efficiency refers to a farm's ability to obtain maximum profit for a given set of input prices, output prices, and technology. While technical, cost, and revenue efficiency are necessary for the achievement of profit efficiency, they are collectively not sufficient for profit efficiency. Profit efficiency further requires that technical, cost and revenue efficiency be achieved at the proper scale, that is it requires some kind of scale efficiency (Kumbhakar and Lovell, 2000) .
Here we utilize a dual variable profit frontier, which portrays the maximum variable profit (defined as gross revenue less variable cost) obtainable by a farm given the prices of inputs and outputs, the production technology, and the presence of fixed inputs such as land and capital. The variable profit frontier is more appropriate when farms do not have the flexibility to adjust all inputs. Farms operating on the profit frontier are profit efficient while farms operating under the profit frontier are profit inefficient. 1
Other studies using profit frontier analysis
In terms of the wider literature, while rice is perhaps the most studied agricultural commodity by researchers, very few have used profit frontiers, which could be due to lack of appropriate data. In a review article by Bravo-Ureta and Pinheiro (1993) on efficiency analysis of developing country agriculture, 13 out of 20 studies were on rice farming. However, only two studies used the dual profit frontier approach and only one was on rice farming. Ali and Flinn (1989) used a single equation dual profit frontier to examine the efficiency of 120 rice producers from the Punjab in Pakistan. They found that the average inefficiency was 31%. Education was found to have a significant role in reducing profit inefficiency, while off-farm employment and difficulties in securing credit to purchase fertilizer tended to increase profit inefficiency. The other study by Bailey et al. (1989) is on dairy farms.
Since 1993 a few more studies have employed profit frontiers. Abdulai and Huffman (2000) used a stochastic translog profit frontier to examine the efficiency of 256 farmers in the Northern region of Ghana. They found that the average inefficiency was 27.4%. Their inefficiency analysis suggested that the education of the household head, access to credit, greater specialization, and location in districts with better access to extension services and better infrastructure were significant variables for increasing profit efficiency. On the other hand, increasing participation in nonfarm activities by farmers and being older tended to lower profit efficiency. Rahman (2003) also used a dual profit translog frontier to investigate the efficiency of 380 farms, which produced a modern variety of rice in three agro-ecological regions of Bangladesh. He found that the average inefficiency was about 23%. Farmers with more experience in growing modern varieties of rice, better access to input markets and extension services, located in fertile regions, as well as those with less off-farm work and who owned their land were found to be more efficient.
To our knowledge, there are no other efficiency studies on rice farming which employ the stochastic profit frontier approach. However, there are several efficiency studies of other agricultural products using the stochastic frontier approach since the 1993 review article by Bravo-Ureta and Pinheiro. Arajuo and Bonjean (1999) used a stochastic profit frontier to study the efficiency of different land tenure patterns in Brazilian farms. Bhattacharyya and Glover (1993) also employed a stochastic profit frontier to examine the efficiency of small versus large farms in India. Wang et al (1996) developed a shadow-price profit frontier model to examine the efficiency of Chinese rural households in farming operations. Delgado et al (2003) employed the profit frontier approach to investigate the efficiency of large versus small and contract versus independent livestock farms in the Philippines, India, Thailand, and Brazil.
Thai data
In 2003, the Ministry of Agriculture and Agriculture Cooperatives of Thailand commissioned a survey to investigate the potential of developing organic rice in Thailand for export. The survey covers 5 provinces, 2 of which are in the Northern region namely Phayao and Chiang rai, while the other 3 are in the Northeastern region, covering Ubon Ratchathani, Surin, and Yasothon.
The sampled farms in Northeast Thailand are ones, which practiced conventional agriculture using high level of agro-chemicals until the early 1980s. In the mid-1980s, in Surin and Yasothon Provinces, the movement of natural agricultural practices and environmental conservation promoted by religious groups and several Non-Government Organizations (NGOs) initiated contract farming of organic rice as a solution to the problems faced by farmers. This development was then supported by European NGOs, who wished to produce organic rice for export to their own Fair Trade Networks. In Ubon Ratchathani, contract farming of organic rice was supported by a semi-NGO as part of its strategy for community development and poverty reduction. It was also an income earning opportunity for the NGO. In contrast organic rice farming in the Northern region was a private sector-led initiative, prompted by demand growth in European countries. In search for land where chemicals has not been applied for organic production, the firms searched for marginal forest areas and introduced rice contract farming to farmers.
The farm survey was conducted during 2002 and 2003 with an updated interview with key informants during early 2005. Hence the monetary data are in prices of 2002-3. Within each province approximately the same number of contract and non-contract farmers were surveyed in the same locality. All of the contract rice farmers are organic or low-chemical farmers while all the non-contract farmers are conventional rice farmers. This resulted in 83 contract-organic and 85 conventional farmers surveyed in the Northern region, and 140 contract-organic and 137 conventional farmers in the Northeastern region. Thus, there are a total of 445 farms surveyed, 168 in the Northern region and 277 in the Northeast ( Table 2 ).
The contract-organic farms in the survey are categorized into three groups according to the length of their organic farming experience and the restrictions on their farming practices. Farmers in the 'certified' organic group include those certified to avoid totally the use of chemical fertilizer, pesticides or herbicides. They are mostly more than four years into organic farming. The 'transitional' organic farming group represents farms, which were under transition (mostly two-four years into organic farming), while the 'initial' organic farming group represents farms, which had just gone organic (mostly one to two years into organic farming). Those in the 'transitional' organic or 'initial organic groups in principle should be committed to stop using chemical fertilizers, pesticides and herbicides. The fact that some still do is likely to be due to an ineffective inspection and certification system. In this sample all organic farmers are contract farmers, while all conventional farmers are non-contract farmers. All certified and transitional organic farmers received a premium price based on their years of organic practice. However not all contract farmers are pure organic farmers making it impossible to completely merge the organic and contract groups. Table 2 gives the division between different categories of farmers within regions and provinces. Information on quantity and value of rice output and major inputs were gathered in the farm survey. The major inputs include seed, hired and family labor, chemical fertilizer, organic fertilizer, pesticides and herbicides, fuel, machinery rental, land, and capital assets. In addition, data were collected on the characteristics of farmers and farms. Table 3 provides a summary of the characteristics of the sampled farms by contract and non-contract farmers and by region. Overall, household heads for contract farms were significantly 2 younger (age of 49 versus 51 years) and better educated (2.86 versus 2.36 years of formal education) than for non-contract farms. These differences were also true for the two regions except that there was no significant difference between the age of the household heads between contract and non-contract farms in the Northern region. With respect to experience in organic rice farming, contract farmers in the North had a significantly higher level than in the Northeast (5.83 versus 3.23 years). The average number of household members engaged in rice farming was very similar for contract and non-contract farmers (2.37 versus 2.39 persons) overall and in both regions. The percentage of female members engaged in rice farming was also very similar for contract and non-contract farmers (51% versus 52%) overall and in both regions. Overall, contract farmers allocated an average of 13.48 rai of land to rice farming, which was significantly higher than the non-contract farmers who allocated only 10.71 rai. Similar patterns were also exhibited in both regions. With respect to land ownership, while there was no significant difference between contract and non-contract farmers in the Northeast, contract farmers in the North had a higher percentage of ownership than the non-contract farmers (94% vs. 76%). While the percentage of income derived from non-agricultural activities was significantly lower for the farms in the North (8%) than in the Northeast (14%), there were no significant differences between the two contracting groups within each region. As to the percentage of agricultural income derived from rice farming, there were no significant differences between regions and within the two contracting groups.
While farms in the Northeastern region used a significantly higher percentage of family labor (76%) when compared to the North (66%), there were no significant differences between contract and non-contract farmers within each region. While the contract and noncontract farmers in the North on the average showed no significant differences in using their own seeds, non-contract farmers in the Northeastern used significantly more seeds from their own supply than contract farmers (70% versus. 59%). In terms of utilization of organic fertilizers, contract and non-contract farmers in the North were similar in the percentage from their own production (slightly more than half). However, contract farmers in the Northeast used significantly more organic fertilizer derived from own supply than non-contract farmers (26% versus 4%). 3 Finally, both regions had a similar endowment of saline soil and there were no significant differences in soil distribution between contract and non-contract farmers.
Since contract and non-contract farming tend to have different production processes, we estimate their profit efficiency separately. 4 Tables A.1 and A.2 in the Appendix provide the summary statistics of variables used in estimating the profit frontiers for contract and noncontract farms, respectively.
Results: comparative profitability
Since our interest is in the estimation of profit inefficiency and its determinants, we do not focus on the estimates of the stochastic profit frontier except for the derived profit elasticities. Table 4 shows the profit elasticities with respect to the prices of the six variable inputs and the two fixed factors for both contract and non-contract farms. The profit elasticities of contract farms with respect to seed price, wage and energy are negative as expected yet not statistically significant, while the elasticities with respect to the prices of chemical fertilizer, organic fertilizer and machinery are positive yet insignificant.
As to the non-contract farms, the profit elasticities with respect to all the input prices are of the correct sign except for seed, which is also not statistically significant. For both contract and non-contract farms, profit elasticities with respect to the two fixed factors (land and capital) are also of the right sign but capital is not statistically significant. The estimated profit elasticities with respect to land are 0.87 for contract farms and 0.98 for non-contract farms, indicating that profit tends to increase by less than 1% with a 1% increase in land allocated to contract or non-contract rice farming. We first test the hypothesis that 'contract rice farmers are more profitable than noncontract rice farmers for comparable scales of operation.' Full data on the calculations are given in the Appendix table A.3. Here we focus on two distinct measures of profit one deducting only direct cash costs from sales revenue ('profit over cash costs') and the other deducting both cash and imputed non-cash costs ('profit over total variable costs'). We place most emphasis on profit per unit of land (baht per rai).
The profit results are summarized in table 5, which shows that contract farmers had a significantly higher profit over total variable cost in the overall sample and in each region, but particularly in the Northeast. Contract farmers on the average generated a profit over total variable cost of 1,234 baht per rai in the North and 1,098 baht per rai in the Northeast. On the other hand, non-contract farmers produced a profit over total variable cost of 731 baht per rai in the North and only 273 baht per rai in the Northeast. Differences in profitability are less sharp (principally in the North) when costs include only cash costs excluding the imputed value of own inputs, like family labor and seeds ('profits over cash costs'). Differences in profitability can largely be explained by the significantly higher price of rice received by the contract farmers (6.5. versus 6.0 baht/kg in the North and 7.9 versus 5.9 baht/kg in the Northeast). The marked difference in price for organic rice between the two regions is explained by the different price formulae used in private sector-based contract farming in the North and an NGO-based system in the Northeast. In the North the contracting firms offered a fixed margin of 0.5 baht above the market price of conventional rice at harvesting. In the North east the price was fixed at the start of the season based on negotiations between the NGO and the farmers. On the other hand, it is interesting to note that yield in kg per rai or was very similar for the contract and non-contract farmers in both regions. Average yields are considerably lower in the Northeast, however, due to a higher level land degradation. Details of the cost structure of farms are given in Appendix table A.3. In terms of the role of organic farming practices it is important to note that while contract farmers in the Northeast, contracted to an NGO with broader social objectives, appeared wholly organic with zero expenditure on chemical fertilizer, pesticides and herbicides, the transition and initial organic groups in the North continued to use them, due to an ineffective monitoring system operated by the contracting firms, although at lower levels per rai than non-contract farms. For example expenditure on chemical fertilizer per rai in the initial organic group was roughly two-thirds of that for conventional farms. Furthermore, organic farmers in the Northeast used more on-farm organic fertilizer than the contract farmers in the North. Invested capital assets (valued at baht per rai) were significantly higher for contract farmers in the North, while there was no significant difference between contract and non-contract farmers in the Northeast. Farmers in the North were generally far more capitalized than the Northeast. Table 5 also shows the differences in profit and cost structure among the three organic farmer groups -certified, transitory and initial -indicating their levels of sophistication in organic farming. While organic farmers in the North regardless of their stage of transition achieved similar levels of profit (in terms of profit over cash cost per rai), the certified organic farmers in the Northeast were considerably more profitable than the transitory and initial organic farmers. This is despite the fact that in the North, as we have just noted, there were considerable differences in terms of organic practices between the three different groups, with only the certified group being wholly organic. In the Northeast where profitability was generally lower than the North, the profitability of the initial organic farmers (defined as profit over cash expenditure), who continued to use chemical fertilizers, was roughly 25% above that of conventional farms. This profitability pattern can again be largely explained by the price of rice received by the farmers. While the price of rice was not significantly different among the three organic groups in the North, the price received by the certified organic farmers (10 baht per kg) in the Northeast was considerably higher than that received by the transitory and initial organic farmers (7.1 and 6.3 baht per kg respectively) and nearly double that received by non-contract farmers. Table 6 relates profit to farm size. Profit after cash costs for contract farmers per unit of land decreases with the increase in farm size, while for non-contract farmers profit after cash cost is more stable. We find no support for our third hypothesis and conclude from this that contract farming as practiced in these areas of Thailand does not seem to be biased against smaller farms in terms of profitability, as is sometimes argued. Furthermore, for all farm sizes profits are significantly higher for contract farmers, as compared with non-contract farmers.
Selection bias and counterfactual simulation
The above profitability comparison reveals that contract farms in the sample generally have higher profits than non-contract farms. However, this profitability difference does not necessarily indicate that contracting has a positive impact on profits because it could be caused by selection bias. That is, the higher profitability in contract farming may merely reflect the fact that farms with the potential of securing higher profitability are more likely to become contract farms. In other words, these contract farmers might have relatively high profits whether engaging in contract or non-contract farming.
A counterfactual simulation can help sort out the impact of contracting on profitability. In brief, the key to this approach is to estimate farms' counterfactual profits and compare these to their actual profits. The counterfactual profit of a contract farm is defined as the hypothetical profit that it could have earned had it farmed like a (typical) non-contract farm. Similarly, the counterfactual profitability of a non-contract farm is defined as the hypothetical profit that it could have earned had it farmed like a (typical) contract farm. Non-contract farms in the sample generally sold their rice at lower prices than contract farms. We use the rice prices of contract (or non-contract) farms in the estimation of the counterfactual profits of non-contract (or contract) farms. Higher actual than counterfactual profits for contract farms would indicate that contract farms would have been less profitable had they operated like a non-contract farm. Similarly, lower actual than counterfactual profits for non-contract farms would indicate that non-contract farms would have been more profitable had they operated like a contract farms. 5
The counterfactual results are given in table 7. Had contract farms operated like a non-contract farm, their counterfactual profits would (on average) have been 31% lower than their actual profits; the differences are 49% and 21% respectively for contract farms in the North and Northeast. Conversely, had non-contract farms operated like a contract farm, their counterfactual profits would have been 47% higher than their actual profits; the differences are 9.4% (significant at 10% level) in the North and 72% in the Northeast. These results clarify that the observed higher profitability in contract farming is not simply because of contract farming attracting the more profitable farms; rather, it is evidence supporting the hypothesis that contract farming tends to be more profitable than non-contract farming. 
Results: comparative profit efficiency
Here we test the second hypothesis that 'contract rice farmers are more profit efficient than non-contract rice farmers for comparable scales of operation.' Table 8 shows the profit efficiency, actual profit and profit loss per rai for contract and non-contract farms by region. Profits here are after deducting cash costs only from sales revenue. Profit loss is defined as the amount of unrealized profit due to inefficiency and can be calculated as the difference between maximum possible profit (that is, profit on the profit frontier) for each farm and its actual profit. 6
The estimated mean profit efficiency score for the entire sample farms is 0.68. In other words, significant profit inefficiency occurred among the sample rice farms in Thailand and farms could increase their profit by 32% or 842 baht per rai by improving their efficiency. As shown in Table 8 farmers in the North, where new land was brought into production, exhibited significantly higher profit efficiency than farmers working on the more degraded land of the Northeast, with a mean efficiency of 0.76 versus 0.63. Overall, contract farmers were significantly more profit efficient than non-contract farmers, with a mean profit efficiency of 0.72 versus 0.64. This is also true for farmers in the Northeast where contract farmers are found to be significantly more profit efficient than non-contract farmers (0.69 versus 0.56). However, the efficiency scores of contract and non-contract farmers in the North were virtually the same on average, although the scores were more diverse among the non-contract farmers. Table 9 shows the profit efficiency across different farm sizes for contract and noncontract farmers. Similar to profitability, contract farmers had higher profit efficiency for all farm sizes except those greater than 20 rai. Contract farmers appear to show a slight tendency to decreasing profit efficiency for larger farm sizes, while non-contract farmers are more homogeneous across all farm sizes. Similar to the profitability, comparison by farm size, with respect to profit efficiency contract farming does not seem to be biased against smaller farms. Note: Similar superscript letters across farm size denote homogeneous subsets using the Duncan's multiple range test at the 5 % level of significance. Table 10 shows profit efficiency among the different groups of organic farms we have identified. Farmers with a longer history and more experience in organic farming (the 'certified' group) appear to be more profit efficient, as well as more profitable. However, multiple range tests show that all three groups of organic farmers in the North exhibited similar profit efficiency as well as profitability. In fact, in terms of profit efficiency they were not different from the conventional non-contract farmers. In the Northeast profit efficiency was not statistically different between the certified and transitory groups, although it was higher for these than for the initial organic group, whose efficiency was statistically similar to that of conventional non-contract farmers. 
Counterfactual simulation for profit efficiency
Similar to the case of the actual-counterfactual profitability comparison, the difference in profit efficiency between contract and non-contract farming can also be evaluated through comparing actual and counterfactual efficiency. The methodology is similar to that used in estimating the counterfactual profitability. To estimate the counterfactual efficiency of a contract farm (that is its profit efficiency when hypothetically operating like a non-contract farm), the first step is to use the estimated profit frontier of non-contract farming to estimate the maximum profit the contract farm would have obtained had it produced like a noncontract farm with 100 percent efficiency. 7 The second step is to use its hypothetical profit estimated from the counterfactual profit simulation to represent its counterfactual profit in non-contract farming. Then the difference between this counterfactual profit and the counterfactual frontier can be used to measure the farm's counterfactual efficiency. The counterfactual efficiency of a non-contract farm can be estimated similarly. Table 11 shows that contract farms in the entire sample would not have had very different counterfactual efficiency from their actual efficiency (69% versus 70%) had they operated like a non-contract farm. This mainly reflects the situation in the Northeast, while contract farms in the North would have reduced their efficiency from 74% to 68% by counterfactually operating like a non-contract farm. With respect to the non-contract farms, generally for the entire sample, non-contract farms would have had a slightly higher counterfactual than actual efficiency (69% versus. 66%), and the difference is statistically significant at 10%. Again, this mainly reflects the situation in the Northeast (68% versus 59%), while surprisingly the non-contract farms in the North would have had lower counterfactual efficiency than their actual efficiency (69% versus. 77%).
In summary, the results from the counterfactual efficiency estimations are mixed and do not generally support the hypothesis that contract farming enhances profit efficiency. Indeed, the efficiency patterns appear to be different between the North and Northeast regions, perhaps due to different contract management systems and different land endowments. 2. Efficiency scores are slightly different from those reported in the previous table that include the nine non-contract farms with negative profits (see footnote 6).
Conclusions
The results of the empirical analysis lend credence to the contention that contract farming can be an effective institutional mechanism to reduce transaction costs faced by small-scale, poor rice farmers and hence increase profitability and reduce rural poverty. Our results show that for the sample contract rice farmers are more profitable than non-contract farmers by a significant margin. This is also true for each of the two regions in the sample. This profitability gap holds for alternative definitions of profitability and for all scales of operation. In terms of scale of operation there is no evidence that contract farming is biased against small farmers and profits per unit of land decline with farm size, being highest for farms below 5 rai. Counterfactual simulations suggest this is not due to selection bias with the more profitable farms shifting to contracting arrangements.
There is significant profit inefficiency among the sample rice farmers in Thailand. Overall, rice farmers in Thailand could increase their profit by more than 30%. Again overall the efficiency losses are greater for non-contract farms, although there is only a significant difference in the Northeast region, where land is significantly more degraded than in the North. Counterfactual simulations indicate that only in the Northeast would shifting to contract farming raise efficiency amongst non-contract farms. Farm size seems to have little impact on profit efficiency, although contract farms below 5 rai show higher efficiency than larger farmers.
The major factor driving these results appears to be the higher prices received by contract farmers (rather than by higher yields for example). These higher prices are in turn due to the fact that contract farmers (particularly the NGO-based fair trade network operation in the Northeast) are growing high quality organic rice that commands a premium price. As noted above, the analysis does not allow us to disentangle the effects of contracting arrangements from the use of organic farming technology. However as a group the wellestablished ('certified') organic farmers show considerably higher profitability than other contract farmers in the Northeast. In the North, where organic practices are less strictly enforced in the sample farms, there seems no significant difference between the profitability of the permanent, transition and initial organic groups, even though the latter two continue to use some chemicals and pesticides. All organic groups in both regions show a significantly higher profitability than non-contract, conventional farmers when we measure profits by deducting non-cash costs ('profits over total variable costs').
With respect to the development of organic farming, the results from the present study show a distinctive development path in the different parts of the country. In Northeast Thailand where farmers have converted from conventional chemical to organic farming on degraded land, profitability initially is relatively low (although still higher than that in similar, non-contract conventional farms) and increases with the number of years of organic operation. In other words, during the transition years, profits are low and as ecosystems restore themselves, the farms become more profitable and profit efficient. In Northern Thailand, on the other hand, where new marginal land was brought into organic production, this pattern of increasing profit and profit efficiency over the years is not found, although profits are higher than on conventional farms. Since farms in the Northern region are on less degraded land than are farms in the Northeast, initial and transitional profitability from partial organic agriculture is much higher in the North than in the Northeast and conventional rice farming also generates considerably higher profitability there than in the Northeast. These profitability figures simply reflect the market price value of rice output and if the definition of benefits were widened to include the potential environmental (avoidance of pollution from agro-chemicals leaching) and health benefits (farmers not exposed to pesticides) of organic farming the economic returns to organic farming are likely to be even greater.
This analysis suggests that a combination of contract and organic farming has been effective in enhancing the profitability and to some extent the efficiency of small-scale rice farmers in Thailand. Particularly in the case of provinces in Northeast Thailand where a majority of the poor resides and where the green revolution has not been effective in addressing poverty, and has worsened ecosystems, contract farming of organic rice is shown to be effective means of raising incomes and by implication addressing rural poverty. There are lessons here for Lao PDR and Cambodia. 2 Farms with more than 50% of lands owned are considered an 'owner's farm'; those with less than 50% of lands owned are considered a 'rented farm'. Coelli (1988, 1995) ; for further details see Coelli et al (1998) . 2 Significance herein refers to statistical significance. 3 It should be noted that there is a high cash cost associated with organic fertilizers, which is interesting as we would normally assume that organic fertilizers are derived from farm wastes (such as compost) and therefore is appropriate for farmers who do not have access to credit. In the case of Thailand, it appears from the survey that there are commercial forms of organic fertilizers and farmers in the North do have cash to purchase these. 4 An alternative is to include contract and non-contract farms in a single estimation and use a dummy variable to distinguish them. However, as pointed out by Delgado et al. (2003) , Warnings and Key (2002) , and Larsen and Foster (2005) , such specifications may lead to self-selection or simultaneity bias since the decision to be a contract or organic farmer may not be independent from other production decisions. 5 Methodologically, our counterfactual simulations are based on a switching regression model (Maddala 1983, Chapter 8 and 9) and follow the two-stage estimation process suggested by Heckman (1976) . i Z is farms' characteristics that affect the probability of their choices between contract and non-contract farming. 6 Profit efficiency reported is an index adjusted by including nine negative profit observations that were dropped from the estimation The profit efficiency measure i PE which measures the ratio of a farm's actual profit to its maximum attainable profit, is not well defined when actual profits are negative. Since all the cases of negative profits are non-contract farms, excluding them would lead to biased results. Therefore, we apply the following measure of the profit efficiency of farms with negative actual profits. We first calculate the absolute value of profit loss of each of the nine negative profit farms compared to its estimated maximum attainable profit; let us denote such profit losses as i π ∆ . Then, the profit efficiency of say farm i among these 9 negative-profited farms is measured by
Appendix
represents the greatest profit loss among these 9 farms.
Under this profit efficiency measure, the profit efficiency score of a farm with negative profits would be negative and at the range of [-1, 0) . The one with the largest profit loss would have profit efficiency score of -1; and the closer a farm's negative profit efficiency to zero, the greater its profit efficiency score would be compared to other farms with negative actual profits. That farms with positive (or negative) actual profits have positive (or negative) profit efficiency scores implies that farms with negative actual profits must be less efficient than those with positive profits. This makes sense because farms with negative profits have lost more than whatever attainable profits they may have. Considering that we have used the least efficient farm as a benchmark to index the profit efficiency of farms with negative profits, we adjust the efficiency measure for positive profit farms accordingly by using ) max( / j i PE PE to measure farm i's efficiency. In sum, the adjusted profit efficiency scores are in the range of [-1, 1] . Farms with positive actual profits have positive profit efficiency scores, while farms with negative profits with negative scores. The greater a farm's score is, the more profit efficient it is.
